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ASSAY FOR DETECTION OF SELECTIVE PROTEIN C 
INHIBITION BY PATIENTS 

to 

TECHNICAL FIELD 

This invention relates -to the field of diagnostic 
testing of persons suspected to be at risk for thrombotic 
complications. 
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BACKGROUND OF THE INVENTION 

The government may have certain rights in this 
invention, since it was supported in part by a research 
grant awarded by the National Institutes of Health. 
5 The blood clotting system is a natural and necessary 

process which occurs in humans and other vertebrates to 
seal the circulatory system from blood loss upon injury. 
The thrombus, or blood clot, forms from a complex cascade 
of reactions involving a number of plasma glycoproteins. 

10 In one of the final steps of clot formation, thrombin is 

formed by cleavage of prothrombin, which reaction is 
catalyzed by activated Factor X (Factor X a ) . Activated 
Factor V (Factor V a ) , Ca 2 * and phospholipid membranes 
enhance the activity of Factor X a in activating 

15 prothrombin. Thrombin catalyzes formation of fibrin 

(which polymerizes to form a soft clot) from fibrinogen. 

Thrombin catalyzes proteolysis of Protein C which 
inactivates Factor V a . This feedback mechanism is 
important because clot formation must be limited in vivo 

20 to prevent clots from forming in areas where the body not 

only does not need them, but where they can possibly 
cause injuries, such as stroke,' heart attack, spontaneous 
abortions and other thrombotic- diseases . These injuries 
often cause fatalities. 

25 Protein C is a vitamin K-dependent protein plasma 

zymogen of the anticoagulant serine protease, activated 
Protein C (also referred to herein as "APC") . Protein C 
is activated primarily on the surface of endothelium by a 
complex composed of thrombin and thrombomodulin. 

30 Thrombomodulin acts to specifically bind thrombin. 

Thrombin bound to thrombomodulin thereby obtains a 
diminished ability to cause clot formation. Thrombin 
bound to thrombomodulin also obtains increased capacity 
to activate Protein C. Activated Protein C then 
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functions as an anticoagulant by proteolytically 
inactivating Factors V a and VIII a , a process that is 
enhanced by a vitamin K dependent cof actor, protein S, 
negatively charged membrane. surf aces and Ca 2 * ions. 
5 One group of patients who are at increased risk for 

thrombotic diseases are those who have lupus 
anticoagulants, which are antibodies which bind to 
anionic phospholipids used in clotting assays based on 
the PTT (partial thromboplastin time) or APTT (activated 

10 partial thromboplastin time) techniques. See The Merck 

Manual (16th Ed. 1992) at 1225; J.E. Ansell, Handbook of 
Hemostasis and Thrombosis (Little, Brown & Co., Boston) 
at 19 (1986) . Typical PTT test results for patients 
having the lupus anticoagulant are a prolonged clotting 

15 time that fails to correct with a 1:1 mixture of the 

patient's and normal plasma, a normal or minimally 
prolonged PT (prothrombin "time) , and a nonspecific 
depression of those clotting factors measured by a PTT 
technique (Factors XII, X'i/lX and VIII). The lupus 

20 anticoagulant antibodies tnSy" also react with cardiolipin 

which can interfere with assays utilizing cardiolipin as 
a reagent. See The Mercti ^Manual , supra. 
Ant i- cardiolipin or anti-phosptiatidylethanolamine 
antibodies can cross react with each other, but not 

25 interact with sufficient affinity to procoagulant 

phospholipids to be anticoagulants. Because of the 
specificity of phospholipids for activated protein C, 
such antibodies would selectively inhibit activated 
protein C anticoagulant activity without influencing the 

30 coagulation tests performed in the absence of activated 

protein C which are used to diagnose the presence of a 
• "lupus anticoagulant." ; "... 

Despite interference of the^iupus anticoagulant with 
•procoagulant phospholipid in clotting tests in vitro, 
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persons with the antibodies have been reported to have an 
increased risk for thrombosis, either venous or arterial. 
Further, repeated spontaneous abortions in the first 
trimester of pregnancy have also been reported. Id. 
5 Patients have been treated with long term anticoagulant 

therapy to reduce the possibility of thrombosis, but no 
adequate technique has been developed for monitoring the 
effectiveness of such therapy. It should also be noted 
that other patients, who do -not necessarily test 

10 positively for the lupus anticoagulant , may also be at 

risk for thrombotic disease. Further, not all persons 
who have the lupus anticoagulant or other risk factors 
may have the identical propensity for thrombosis. 

In order to attempt to identify patients at risk for 

15 thrombosis, standard clotting tests have been performed 

on patient plasma. Additional testing has been suggested 
as. described above where PTT and/or PT test results do 
not appear to be normal, such as repeating the test with 
added normal plasma. However, no technique has been 

20 developed to differentiate among lupus patients and among 

others which patients have the highest propensity to have 
a thrombotic incident. 

In several clotting assays, it has been found 
beneficial to employ a ; ' membrane^ source to facilitate the 

25 reaction. It has been reported that the activity of 

Factor X a in activating prothrombin is enhanced many fold 
in the presence of Factor ; :V a , Ca 2 * and phospholipid 
membranes containing phosphatidylserine . 

Analysis of the prothrombin activation complex, 

30 referred to as prothrombinase , has led to a model in 

which membrane acceleration of coagulation reactions is 
considered to be mediated by binding the enzyme, cof actor 
and substrate to the membrane surface, thereby increasing 
the local concentration of reactants and enhancing key 
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protein-protein interactions necessary for optimal 
catalysis. K.G. Mann et al., Ann Rev. Biochem. 57:915-56 
(1988.) . This model is consistent with that proposed for 
the Factor V a inacti vat ion' complex. F.J. Walker, J . 
Biol. Chem. 256:11128-31 (1981). All studies have 
demonstrated that high affinity binding of these proteins 
involves negatively charged phospholipid surfaces. G.L. 
Nelsestuen et al., Biochemistry 16 : 4164-77 (1977); G.L. 
Nelsestuen et al., Biochemistry 17 : 213 4 -38 (1978); and 
R.A. Schwalbe et al., J. Biol. Chem. 264:20288-96 (1989). 
Of the naturally occurring negatively charged 
phospholipid, phosphatidylserine (also referred to herein 
as "PS") is the most effective functionally in the 
prothrombinase complex and in terms of binding 
interactions with Factors V a and X a G. Pei et al . , J. 
Biol. Chem. 268:3226-33 (1993). Taken together, these 
observations have led most investigators to assume that 
all of the complexes would share similar phospholipid 
requirements for optimal function. This assumption 
gained further support from the f act that y- 
carboxyglutamate (Gla) . containing' regions of the vitamin 
K dependent proteins share 'considerable sequence identity 
P. Fernlund et al., J. Bidl.' Chem. 257:12170-79 (1982), 
and it is this domain that is primarily responsible for 
membrane interaction. Schwalbe et al., supra. Previous 
investigators have thus assumed that the membrane 
requirements of inactivation of Factor V a with activated 
Protein C would be similar, to those required for 
prothrombinase activity for activation of thrombin. 

Surprisingly, it has now been found that 
phosphatidylethanolamine (also referred to herein as 
"PE" ) incorporation into membrane vesicles dramatically 
enhances APC inactivation of Factor V a without 
influencing prothrombinase. ! activity . It has also now 
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been found that patient plasma may be screened by 
assaying it in a one stage assay in the presence and 
absence of activated Protein C with a membrane source 
comprising an effective amount of PE. In employing PE in 
such assays, patient plasma .containing lupus 
anticoagulants has been found to exhibit prolonged 
clotting times relative to normal pooled plasma control 
in the absence of activated Protein C, but to exhibit a 
clotting time less than normal control plasma in the 
presence of activated Protein C at appropriate 
phospholipid concentrations. Thus, by altering the 
composition of the membrane used in assays, recognition 
of patients most at risk for thrombosis can be determined 
and the effectiveness of antiinflammatory drugs used to 
reduce antibody titers, such as for example Prednisone 
(17, 21-Dihydroxypregna-l, 4-diene-3 , 11, 20-trione) , or 
anticoagulation therapies monitored. 
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SUMMARY OF THE INVENTION . 

An assay for determining the propensity of a patient 
for thrombotic disease is described which employs an 
effective amount of a phospholipid membrane source to 
5 bind to the reactants, which: phospholipid membrane source 

has a phospholipid component comprising an effective 
amount of phosphatidylethanolamine (PE) to provide a 
differential, detectable effect between normal. (control) 
. plasma and plasma from patients having a propensity for 

10 thrombotic episodes, and an effective amount of 

phosphatidylserine (PS) to complement said PE in a 
clotting assay. Preferably, at least about 10% to about 
50% PE and at least about 5% to about 50% PS is employed . 
More preferably, the PS component is limited to a maximum 

15 of 25% by weight of said phospholipid component of said 

membrane source. In a preferred embodiment, the membrane 
source comprises a phospholipid component comprising 
about 40% PE, about 20% PS ; and about 40% by weight 
phosphatidylcholine (PC) Th J e phospholipid membrane 

20 source is preferably employed in a clotting assay which 

utilizes a Factor X-activating enzyme from Russell's 
viper venom wherein clotting is initiated by addition of 
Ca 2 *. A patient's citrated plasma sample is assayed in 
the presence and absence of exogenous activated Protein C 

25 (APC) and the results compared to those obtained for 

normal control plasma. Patient plasma which selectively 
inhibits APC is detected by a prolonged clotting time in 
the absence of exogenous APC relative to normal controls, 
which also exhibits a clotting time less than normal 

30 control plasma in the presence of exogenous APC at 

optimal phospholipid concentrations. 
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BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a graphical depiction of data concerning 
the effect .of phospholipid composition on inactivation of 
Factor V a by APC. The X-axis is phospholipid in /xg/ml. 
The Y-axis is Factor Va inactivation, %. The open 
circles represent 20% phosphatidyl serine (PS) /80% 
phosphatidylcholine (PC) ; the solid circles represent 
20%PE/20%PS/60%PC; the ■ solid triangles represent 20% 
phosphatidylinositol/20%PS/60%PC; the open squares 
represent 20% cardiolipin/20%PS/60%PC; the open triangles 
represent 20% cholesterol/2Q%PS/60%PC; and the inverted 
solid triangles represent 20%' phosphatidyl - 
glycerol/20%PS/60%PC. 

FIG. 2A is a graphical depiction of data concerning 
the effect of PE content on liposome activity in 
prothrombin activation. The X-axis is dilution of 
cephalin. The Y-axis is Prothrombin Activation in 
nM/min. The open circles represent 20%PS/80%PC; the 
open triangles represent 10%PE/20%PS/70%PC; the inverted 
open triangles represent 20%PE/20%PS/60%PC; the open 
squares represent 30%PE/20%PS/50%PC; the solid squares 
represent 40%PE/20%PS/40%PC; and the solid circles 
represent bovine brain cephalin. 

FIG. 2B is inactivatidii^of Factor V a by APC. The X- 
axis is phospholipid in /xg/ml. The Y-axis is Factor Va 
inactivation, %. The open circles represent 20%PS/80%PC; 
the open triangles represent 10%PE/20%PS/70%PC; the 
inverted open triangles represent 20%PE/20%PS/60%PC; the 
open squares represent 30%PE/20%PS/50%PC; the solid 
squares represent 40%PE/20%PS/40%PC; and the solid 
circles represent bovine brain cephalin. 
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FIG. 3 is a graphical' depiction of data concerning 
the effect of PE on inactivatidn of Factor V a on large 
and small phospholipid vesicles. The X-axis is APC in 
pM. The Y-axis is remaining Factor Va activity, %, 
5 Phospholipid concentration is 4 /xg/ml. For sonicated 

.vesicles: open circles represent 20%PS/80%PC; the solid 
circles represent 40%PE/20%PS/40%PC. For large dialyzed 
vesicles: the open squares represent 20%PS/80%PC; the 
solid squares represent 40%PC/20%PS/40%PC; and the open 
10 triangles represent bovine brain cephalin. 

FIG. 4 is a graphical depiction of data concerning 
the effect of PE incorporation into PS/PC vesicles on APC 
anticoagulant activity in plasma./ The X-axis is APC in 
/xg/ml. The Y-axis is clotting time in seconds. 
15 Sonicated vesicles : the solid circles represent 

20%PS/80%PC; the open circles represent 
40%PE/20%PS/40%PC. T \ 

FIG. 5 is a graphical depiction of data concerning 
the effect of human APC on clotting of normal plasma and 

20 plasma from a patient with thrombosis and a lupus 

anticoagulant as a function of phospholipid 
concentration. The X-axis is [PL] jig/ml. The Y-axis is 
clotting time in seconds. The solid circles represent 
normal human pooled plasma without APC; the solid 

25 triangles represent plasma Vfxom a patient with thrombosis 

and a lupus anticoagulant' Without. APC; the open circles 
represent normal human pooled plasma with APC; and the 
solid squares represent plasma from a patient with 
thrombosis and a lupus anticoagulant with APC. 



30 



FIG. 6 is a graphical depiction of data concerning 
thrombin formation differences between normal plasma and 
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plasma containing lupus anticoagulants, in the presence 
of APC. The X-axis is time in minutes. The Y-axis is 
[Thrombin] nM. The open squares represent normal human 
pooled plasma without APC; the solid circles represent 
plasma from a patient with thrombosis and a lupus 
anticoagulant without APC,/". the" solid squares represent 
normal human pooled plasma 1 ; wit hT APC; and the open circles 
represent plasma from a patient with thrombosis and a 
lupus anticoagulant with 'APC. 



WO 95/08121 



PCT/DS94/10456 



11 

DETAILED DESCRIPTION 

An assay is disclosed which can be used to screen 
patients for thrombotic propensities. 

One component of the assay is a membrane source 
which is to contain a phospholipid component which 
comprises an effective amount of phosphatidylethanolamine 
(PE) to provide a differential, detectable effect between 
normal (control) plasma and plasma from patients having a 
propensity for thrombotic episodes and an effective 
amount of phosphatidylserine (PS) to complement said PE 
in a clotting assay. Preferably, said phospholipid 
component comprises from about 10% to about 50% 
phosphatidylethanolamine (PE) , and from about 5% to about 
50% phosphatidylserine (PS) . The remainder is preferably 
phosphatidylcholine (PC) , but can be selected from any 
phospholipid which has a head group which is zwitterionic 
and has no net charge at neutral pH. Preferably, the PS 
component is from about 5% to about 25% of the 
phospholipid component. In'a'mdst preferred embodiment, 
the phospholipid component of the membrane source 
comprises about 40% PE, about 20% PS and about 40% PC by 
weight of the phospholipid' component . 

The membrane source is preferably employed in the 
form of phospholipid vesicles . ' Such vesicles can be made 
by any methodology and can be of any size and form. One 
form of suitable vesicles are sonicated vesicles (SV) . 
These can be, for example, prepared by a modification of 
published methods. See, e.g., Y. Barenholz, Biochemistry 
16:2806-10 (1977). In a preferred method, lipids (1 
mg/ml) were suspended by vortexing in 20 mM Tris-HCl, 150 
mM NaCl, 0.02% sodium azide,- pH 7.4 (TBS) before they 
were sonicated (Bronson Sonic, Power Co, model 350) for 20 
min in an ice bath under" argon 'flow at 20% power setting. 
After sonication, suspenisions were centrifuged at 8000 g 
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for 15 min and passed through a 0.22 fxm Millipore filter. 
95-99% of initial phospholipid was recovered. When the 
vesicles were stored, they were kept at 4°C under argon 
and resonicated for 5 min immediately before use. 
Storage did not alter vesicle activity. 

In another preferred method, large phospholipid 
vesicles (LV) were prepared by dialysis from octyl 
glucoside as previously described. L. T. Mimms et al, 
Biochemistry 20:833-40 (1981). Phospholipids, dried as 
described above, were suspended in 0.16 M octyl -glucoside 
in TBS 5 mg/ral to give a detergent to phospholipid molar 
ratio of 25:1. Suspensions were vortexed 1 min, 
sonicated in a Branson Ultrasonic labware cleaner (model. 
B3) for 10 min and dialyzed against 4X2 liters of TBS 
at 4°C for 2 days. Dialyzed suspensions were centrifuged 
at 8000 g for 15 min and. passed through a 0.22 /an filter. 
LV phospholipid recovery was 95-98%. LV were either used 
immediately or stored up to 5 days at +4°C under argon. 
Stored LV were vortexed 1 min before use. 

Extruded large phospholipid vesicles were prepared 
by published methods. R.W. Jackman, et al . , Proc. Natl. 
Acad. Sci. (USA) 83:8834-38 (1986). Briefly, dried 
phospholipid mixtures were suspended at 1 mg/ml in TBS, 
vortexed 10 min and passed three times through 0.22 fim 
Nucleopore polycarbonate filter. 95% of initial 
phospholipid was recovered^ in the* final vesicle 
suspension. These vesicles: k were used immediately. 

Recovery in all cases was monitored by employing 
tracer levels of "C-PC in? -the preparations, such as 1- 
palmityl-2- [l- 14 C-oleyl] :t>C (New England Nuclear 
Products) . Phospholipid content can be measured by other 
methods, such as described by G.R. Bart let t et al., J. 
Biol. Chem. 234:466-68 (1959). However, it is not 
necessary to follow yields routinely, given the high 
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recoveries observed . 

Electronic microscopy was performed as previously 
described in L.T. Mimms,. supra with minor modifications . 
Suspensions of phospholipid vesicles were diluted with 
5 TBS to 0.1 mg/ml and mixed with an equal volume of 2% of 

osmium tetroxide in water for fixation. After 20 min # 3 
pi of fixed samples were applied to carbon coated grids, 
incubated 20 min, washed with water, washed 1 min with 2% 
uranyl acetate in water for negative staining, washed 

10 with water and dried on air. A JEOL- JEM-1200 EX electron 

microscope was used. A standard grid was applied each 
day to control for microscope magnification. Vesicle 
size was determined from the : photo-micrographs . 

The assay for detecting selectively activated 

15 Protein C inhibition by a "patient sample plasma is 

conducted utilizing the membrane source described above. 
A blood sample is collected into citrate anticoagulant 
from the patient and the titrated plasma is prepared 
therefrom, according to standard techniques. In a 

20 preferred embodiment, clotting times are determined in a 

one-stage clotting assay performed in the presence or 
absence of human activated Protein C, which is prepared 
according to F.B . Taylor, Jr. et al., J. Clin. Invest. 
79:918-25 (1987) the disclosure of which is hereby 

25 / incorporated by reference; The assay is conveniently 

performed at 25°C in wells of a 96-well PVC plate 
(Costar) coated with a mixture .of ovalbumin and gelatin 
to minimize adsorption on : ;tHe s walls, however any 
appropriate reaction chamber "may be utilized which will 

30 allow thorough mixing of the components and which is 

inert to the reactants. 'About 10 /xl of patient citrated 
plasma and about 10 /xl normal control plasma per each 70 
/xl final reaction mixture is added to the test wells and 
about 20 /xl normal control plasma is added to control 
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wells per each 70 /il final reaction mixture. 

Alternatively, the assay may be run without addition 
of normal plasma to the test sample, however under some 
conditions the normal plasma addition would be desirable 
to facilitate clotting. 

From about 0.1 to abbut 3. ff micrograms per ml of 
activated Protein C (APC) is added to the wells 
containing a sample of patient plasma and to the other 
wells containing normal control plasma being run in 
parallel with the patient plasma. Most preferably, a 
concentration of 1.0 micrograms per ml APC is utilized. 
No APC is added to an approximately equal number of wells 
containing patient plasma or control plasma. 

To each well, a membrane source described above 

comprising about 0.2 micrograms/ml to about 1 

milligram/ml total phospholipid is added. Optimal 

phospholipid may be determined by a dose-response assay. 

The optimal phospholipid (PL) concentration is that 

concentration which permits patieiat plasmas known to 

inhibit APC function to exhibit Va ^"shorter clotting time 

than normal plasma in the presence of said PL and APC. 

About 1 nanogram per ml factor X-activating enzyme from 

Russell's viper venom (C.Tr-Esmon, Dissertation, 

Washington University, St. -Louis (1973)) is also added to 

form the reaction mixture. Factor X-activating enzyme is 

also available commercially. (American Diagnostic) The 

amount of Factor X-activating enzyme used is selected. 

Clotting is initiated by addition of 25 microliters of 20 
**** * 

mM CaCl 2 per each 70 microliter reaction mixture 
described above. Any Ca 2 * source equivalent to CaCl 2 may 
be used. Clotting times are determined in a V-max 
Kinetic Microplate Reader, (Molecular Devices, Menlo 
Park, CA) which measures tKeCrapid increase in turbidity 
as an increase in OD at 40S ; 7nm' ; arid- time until the rate of 
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change is maximal (time to Vmax) . 

The precise amounts of the reagents described can be 
varied given this disclosure for different desired sample 
volumes. In place of Factor X-activating enzyme from 
5 Russell's viper venom, any activator of Factor X (or 

Factor X a itself) may be utilized. Contact activation of 
coagulation, Tissue Factor," Factor IX a or XI a may be. 

used. . 

Clotting time may be measured by manual assays, in 

10 which clotting is observed without the aid of 

instrumentation, or by instrumentation, which may be 
automated, which is capable of detecting formation of 
clots. Suitable instrumentation for example would detect 
clotting by changes in turbidity at an appropriate 
15 wavelength, changes in color in a chromogenic assay, or 

any other suitable parameter. 

The clotting times of the patient samples are 
compared to those of the normal controls. Those patient 
samples which exhibit prolonged clotting times in the 
20 absence of activated Proteinic, in the presence of a 

membrane source containihg_PE,^"but which exhibit normal 
or. shorter clotting times' in- the presence of activated 
Protein C are considered to present a high risk of 
selective inhibition of the Protein C pathway and 
25 consequent risk for thrombotic disease. 

Trample 1: One Stage' Clotting Assay to Screen 
vatlmt. Plasma Samples for Risk of Thrombotic 
n^* g g (Variable Phospholipid Concentration) 
Phospholipid vesicles containing 40%PE/20%PS/40%PC 
30 were prepared according to a standard technique. 

A 70 microliter reaction mixture was formed in a 
well of a PVC plate which contained 30 fil phospholipid 
vesicles to provide a concentration of total phospholipid 
of from 0.1 to 300 /xg/ml;,f lQ/zl of 15 nanograms/ml Factor 

k . T \. . ■ ' "*V 

».,*■*•' * " 
t . 
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X-activating enzyme from. Russell' s viper venom, 10 pi 
citrated plasma under investigation, and lO/il standard 
human plasma pool control ... ..Ten jil of 16nM activated 
human Protein C was added to one-half of the test wells. 
In parallel, 70 microliter reaction mixtures were 
prepared with 20 fil normal pooled control plasma. 

Clotting was initiated with 25/xl of 20mM CaCl 2 and 
monitored on a V-max Kinetic Microplate Reader at room 
temperature. The results, shown in Table 1, can 
graphically be seen in Fig. 5. The data showed that 
lupus anticoagulants can enhance coagulation on PE 
liposomes in the presence :o,f^APC. For example, at 3 
Hg/ml phospholipids, the' c.lotting time for -Lupus + APC" 
is dramatically lower than that of normal control 
patients. 

Example 2: Thrombin ' F ormation Differences Between 
Normal Plasma and Lupus Anticoacrulant plasma in the 
Presence and Absence of A ctivated Protein C 

Kinetics of prothrombin activation with and without 
8 nM APC in normal plasma and plasma from a patient with 
thrombosis and a lupus anticoagulant was tested. The 
mixture containing 10 ill human plasma under 
investigation, 10 itl TBS-Gelatin (0.1%) and 10 M l of APTT 
reagent (Sigma) were incubated for 5 min at 25°C. Then 
10 Ml of bovine APC (5 ng/ml) , 10 Ml bovine PS (70 ng /ml) 
and 10 Ml of normal pooled -'human citrated plasma were 
added. After a 3 min incubation? . prothrombin activation 
was initiated by addition^ -20 m! of 25 mM CaCl 2 . At 
'the times indicated on the abscissa of FIG. 6, 20 m! of 
50 mM EDTA, 200 mM MOPS,. .pH-7 . 4 was added to stop the 
reaction. The zero time point was determined by the 
addition of EDTA before the CaCl s . Thrombin 
concentration was determined by the addition of 50 m! of 
0.5 mM Spectrozyme -PCa as a substrate for thrombin and 
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the rates of hydrolysis were analyzed on a V-max Kinetic 
Microplate Reader at room temperature. The results of 
this example- can be seen -in Table 2 and in FIG. 6. 
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Example 3: The Effect of PE incorporation Into PS/PC 
Vesicles o n APC Anticoagulant Activity In Plasma 

Sonicated vesicles (SV) containing 20%PS/80%PC (10 
Mg/ml) or SV containing 40% PE/20% PS/40% PC (10 /xg/ml) 
were employed to support the one stage clotting assay in 
the presence or absence of varying concentrations of 
human APC. Experimental mixtures (70 /xl total before 
addition of CaCl 2 ) contained variable concentrations of 
human APC, 10 fig/ml total phospholipid, factor 
X-activating enzyme from Russell' s viper venom (1 
nanogram/ml for PE/PS/PC and 10 nanogram/ml... for PS/PC) 
and standard human plasma pool (20 /xl) . The amount of 
Russell's viper venom added; to each test sample was 
adjusted to produce the same clotting time for the test 
sample without APC. Clotting -was initiated by addition 
of 25 /xl of 20 mM CaCl 2 . 1 Plotting times were determined 
in a V-max Kinetic Microplate Reader. Table 3 shows the 
data from this experiment /and FIG. 4 depicts the data 
obtained graphically. The experiment indicated that 
incorporation of PE into vesicles had an effect on APC 
activity as clotting times increased, relative to assays 
using PS/PC vesicles. 
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Example 4 : Coacrulation on PE Liposomes in the Presence 
or Absence of APC At Various Concentrations 

An assay essentially as described in Example 1 was 
conducted. The parameters tested on control plasma or 
5 plasma from a person with lupus anticoagulant antibodies 

were various phospholipid (PL) concentrations, and the 
presence or absence of various APC concentrations. Table 
4 provides the data whidfi"; shows "prolonged clotting time 
of Lupus plasma in the absence of APC, but a decrease in 
10 clotting time at 3 /ig/ml ' PL* f or Lupus patients plus APC. 

At 10 fig/ml PL for Control + APC, the clotting time was 
so great as to be considered that it would not clot. 
Optimal [PL] and [APC] can also be determined through 
such a dose response assay. 
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Example 5: Kinetics of Prothr ombin Activation In 
The Presence or Absenc e of Protein C. 

An assay was conducted as described in Example 2 in 
the presence or absence of APC at 8nM or 6/xg/ml. 
Thrombin was found to be generated earlier and to a 
greater level in lupus patient plasma than in control 
plasma in the presence of APC'. 
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Example 6: Demon stration of Acceleration of Factor 
V r Inactiva tion Bv Membrane Surfaces 

Factor V a inactivation was analyzed with a three 
stage assay. In the first stage, Factor V a was 
5 inactivated by APC on various membrane surfaces. In the 

second stage, after inactivation of the APC, residual 
Factor V a activity was monitored by adding optimal 
phospholipid, excess Factor -X a and prothrombin. The 
resultant thrombin was measured in the third stage using 

10 a chromogenic assay. All reagents were diluted in TBS, 

containing 1 mg/ml gelatin, l~ mg/ml ovalbumin and 10 
mg/ml BSA. All stages were performed at 25 °C in the same 
wells of 96 -well PVC plates (Costar) , coated with a 
mixture of ovalbumin and gelatin to minimize adsorption 

15 on the walls. The first stage (70 /il) contained variable 

phospholipid concentration, 10 /xg/ml bovine protein S, 7 
ng/ml bovine APC, 3 . 6 mM CaCl 2 and 1 ng/ml bovine factor 
Va. After 30 min, 10 pl.';bf'~'i60 ,iM 

' (p-amidinophenyl)methanesuif 6nyr ! ifluoride was added to 
20 inhibit APC. The inhibitor?. decays rapidly,, and in 20 

minutes neither APC nor inhibitor activity was 
detectable. In the absence of APC, Factor V a activity 
was stable for at least i?hbur under these conditions. 
In the second stage, to evaluate residual Factor V a 
25 activity, 4/xg/ m l phospholipid (final concentration) was 

added to all samples containing suboptimal phospholipid, 
and then Factor X a (1.2 ng/ml) and prothrombin (lOOjtg/ml) 
were added to give the final concentrations indicated. 
After a 5 min incubation, prothrombin activation was 
30 stopped by addition of 10 : '/xl of 50 mM EDTA, 200 mM MOPS, 

pH 7.4. Thrombin activity was determined with the 
chromogenic substrate, Spectrozyme-PCa (50 /xl, 0.5 mM) on 
a V-max Kinetic Microplat^ : : Riacier . Thrombin 
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concentration was determined; by reference to a standard 
curve prepared with human a- thrombin. Percent Factor V a 
inactivation was then calculated by dividing thrombin 
formation in the presence^of APC by thrombin formation in 
5 its absence and subtracting this value from 1. Thrombin 

formation was directly proportional to Factor V a 

- -i: 

concentration under these" conditions . 

In the experiments involving inactivation of higher 
factor V a concentration (1 nM, 170 ng/ml) at 4 fig/ml 

10 phospholipid, in the second stage the Factor X a 

concentration was increased 20 fold (24 ng/ml) . In the 
third stage, after addition of EDTA, the samples were 
diluted 20 fold before measurement of thrombin activity. 
At higher Factor V B concentrations (10, 100, and 1000 

15 nM) , the reactions were nin as above except that 4/xg/ml 

of the phospholipid under* investigation was employed in 
the first stage. After lnact:ivation with APC, the sample 
was diluted to 1 nM active and "inactive Factor V a , and 
phospholipid was added to "4jig/ml. The remainder of the 

20 assay was performed as described above. 

Experiments were performed with vesicles containing 
20% phosphatidylglycerol, phosphatidyl inositol, PE, 
cardiolipin, or cholesterol and a constant 20% PS and 60% 
PC. Of these vesicles, those containing PE had by far 

25 the largest increase in activity supporting Factor V a 

inactivation by APC (Fig. i), although 
phosphatidylglycerol and cardiolipin both showed some 
increased activity in this assay. The presence of PS, or 
other negatively charged ^phospholipids were necessary, 

30 i.e. PE in combinat ion- with-; £C>wpt£Ld not support factor 

V a inactivation effectively.*- - \: r , 

The influence of PE" content on prothrombinase 
activity (Fig. 2A) and on Factor V a inactivation by APC 
(Fig. 2B) was studied as a" function of phospholipid 
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concentration. There was little influence of PE on the 
rate of prothrombin activation. Prothrombin activation 
rates increased as a function, of .^increasing phospholipid 
concentration with all phospholipid mixtures, but 
subsequently declined at excess phospholipid. In 
contrast, APC dependent Factor V s inactivation was 
enhanced in proportion to .the PE content of the vesicles 
up to 40% of PE, the highest concentration compatible 
with stable vesicle formation. As with prothrombin 
activation, higher phospholipid concentrations inhibited 
Factor V a inactivations. Vesicles with 40% PE were as 
effective as crude brain cephalin in supporting Factor V a 

inactivation. 

When analyzed by electron microscopy, the PE 
containing vesicles were much larger (150 nm) than those 
without PE (PS/PC« 20 nm)>%nd/ therefore, to determine if 
vesicle size could be respohsibieVf or the differences, 
we prepared two sets of large 'vesicles, one by dialysis 
from detergent solution and another by extrusion of 
phospholipid suspensions. The ability to support 
prothrombinase and APC activities were compared. 

LV composed of 20%PS/80%PC were «250 nm with some 
multilamellar .characteristics as judged from the electron 
micrographs were made. LV that contained 40% 
PE/20%PS/40%PC gave particles about 150 nm with less 
multilamellar character. To support prothrombinase 
eguivalently, approximately a 5 fold higher concentration 
of phospholipid was needed with LV lacking PE than for 
those containing PE, possibly reflecting less available 
surface on a weight basis;" " Even, at 100 times greater 
concentrations, however , LV -lacking PE could not support 
APC dependent factor Va inactivation as well as those 
that contained PE. Thus," vesicle size does not account 
for the difference in activity. This point is 
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illustrated further in Fi^ : 3/: 'Extruded vesicles gave 
qualitatively similar results/ 

The possible contribution of unsaturated fatty acids 
was examined also. Bovine. brain cephalin (Sigma Chemical 
Co.) was prepared according to manufacturer's 
instructions. Bovine brain PE contains about 4 0% 
unsaturated and 60% saturated fatty acids. We made 
sonicated vesicles containing 40% dioleoyl or dilinoleoyl 
PE. Relative to brain PE, these vesicles increased 
prothrombin activation about 30%, but did not affect APC 
activity in. the presence of protein S. 

The earlier studies were all performed at very low 
Factor V a concentrations . insure that this 
observation was not unique;- 16 -these conditions, Factor V a 
concentration was increase 1 to .1 nM. Factor V a 
inactivation was still enhanced approximately 10 fold by 
PE containing liposomes (Fig, 3) compared to PE deficient 
liposomes which is similar 1 to the enhancement seen at 
lower Factor V a concentration. . As described above, large 
dialyzed vesicles containing PE were. as effective as 
small vesicles at all APC concentrations in Factor V a 
inactivation, but large vesicles containing only PS and 
PC were slightly less active than the small vesicles. 
Under these conditions, protein S increased Factor V a 
inactivation about 10 fold independently of whether the 
PS containing vesicles also contain PE. Similar PE 
dependent enhancement in,Fac£or V a inactivation was 
observed even at 10, 100, '-and; 1000 nM Factor V a . 
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We claim: 

1. A method for testing a patient plasma sample for 
indications of a propensity for thrombotic disease, 
comprising the steps of: 

(a) measuring a first clotting time for a first 
aliquot of a citrated patient plasma sample in the 
presence of activated Protein C and a membrane source 
comprising a phospholipid component comprising an 
effective amount of phosphatidylethanolamine to allow 
clotting differences to be detected between normal plasma 
and plasma from patients": with .^thrombotic propensity, 
and an effective amount of phosphatidylserine to 
complement the function of. t said phosphatidylethanolamine 

in a clotting assay; 

(b) measuring a second clotting time for a second 
aliquot of said citrated patient plasma sample, in the 
presence of a membrane source comprising a phospholipid 
component comprising an effective amount of 
phosphatidylethanolamine to allow clotting differences to 
be detected between normal plasma and plasma from 
patients with a thrombotic propensity and an effective 
amount of phosphatidylserine to complement the function 
of said phosphatidylethanolamine in a clotting assay, and 
in the absence of activated- Protein C; 

(c) measuring a third5;c lotting time for a control 
plasma sample in the presence of activated Protein C and 
a membrane source comprising a phospholipid component 
comprising an effective amount of 

phosphatidylethanolamine to allow clotting differences to 
be detected between normal plasma and plasma from 
patients with a thrombotic propensity and an effective 
amount of phosphatidylserine to complement the function 
of said phosphatidylethanolamine in a clotting assay; 



WO 95/08121 



PCT/DS94/10456 



31 

(d) measuring a fourth clotting time for a second 
aliquot of said control plasma in the presence of a 
membrane source comprising a phospholipid component 
comprising an effective amount, or; 

phosphat idy let hanol amine to ..allow clotting differences to 
be detected between normai plasma and plasma from 
patients with a thrombotic ' propensity and an effective 
amount of phosphatidylserine to complement the function 
of said phosphatidylethanolamine in a clotting assay, and 
in the absence of activated Protein C; 

(e) comparing said first, second, third and fourth 
clotting times and denoting said patient sample to be at 
risk for thrombosis if said first clotting time is less 
than said third clotting time, and said second clotting 
time is greater than or equal to said fourth clotting 
time at an optimal phospholipid concentration. 

.Cf XL- 

2. The method of Claim;!.,- "wherein said membrane 
source further comprises phosphatidylcholine in an amount 
sufficient to bring said phospholipid component of said 
membrane source to 100%. 

3. The method of Claim 1, wherein said phospholipid 
component of said membrane source comprises about 40% 
phosphatidylethanolamine, about 20% phosphatidylserine 
and about 40% phosphatidylcholine. 

4. The method of Claim 1, wherein said effective 
amount of phosphatidylethanolamine is from about 10 to 
about 50% by weight of said phospholipid component of 
said membrane source and wherein ; said effective amount of 
phosphatidylserine is from^abput's to about 50% by weight 
of said phospholipid component "of said membrane source. 
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5. The method of Claim : r, . : wherein said effective 
amount of said phosphatidyl'^ thanbiamine is from about 10 
to about 50% by weight of -•" said phospholipid component of 
said membrane source, and said phosphatidyl serine is from 
about 5 to about 25% of said phospholipid component of 
said membrane source. 

6. The method of Claim 1, 2, 3, 4 or 5, wherein 
said clotting times are determined by manual observation 
of clot formation. 

7. The method of Claim 1, 2 f 3, 4 or 5, wherein 
said clotting times are determined by using 
instrumentation adapted to detection clotting. 

8. The method of Claim':? f ' wherein said 
instrumentation is an automatic plate reader equipped 
with spectrophotometric capabilities for monitoring 
reaction mixtures at a wavelength appropriate to detect a 
clotting reaction. 

9. The method of Claim 1, 2, 3, 4, or 5 wherein 
said clotting times are determined by a chromogenic 
method. 

10. The method of Claim 8, wherein said clotting 
times are determined by a chromogenic method. 

11. The method of Claim: 8, wherein said clotting 
times are determined by detection of changes in turbidity 
over time. 
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12. A method for testing a patient plasma sample 
for indications of a propensity for thrombotic disease, 
comprising the steps of: 

(a) measuring a first clotting time for a first 
aliquot of a citrated patient plasma sample in the 
presence of activated Protein C, a volume of normal 
plasma in an amount about equal to said aliquot of a 
citrated plasma sample, and a membrane source comprising 
a phospholipid component comprising an effective amount 
of phosphatidylethanolamine to allow clotting differences 
to be detected between normal plasma and plasma from 
patients with a thrombotic, propensity and an effective 
amount of phosphatidylserihe to complement the function 
of said phosphatidylethanolamine in a' clotting assay; 

(b) measuring a second clotting time for a second 
aliquot of said citrated patient plasma sample, in the 
presence of a membrane source comprising a phospholipid 
component comprising an effective amount of 
phosphatidylethanolamine to allow clotting differences to 
be detected between normal plasma and plasma from 
patients with a thrombotic propensity and an effective 
amount of phosphatidyl serine to complement the function 
of said phosphatidylethanolamine in a clotting assay, and 
a volume of normal plasma; in an amount about equal to 
said aliquot of a citratedrplasma/fsample, and in the 
absence of activated Pro€§ih?C;.; 

(c) measuring a third clotting time for a control 
plasma sample in the presence of activated Protein C, a 
membrane source comprising 1 a phospholipid component 
comprising an effective amount of 

phosphatidylethanolamine to allow clotting differences to 
be detected between normal plasma and plasma from 
patients with a thrombotic propensity and an effective 
amount of phosphatidylserine to complement the function 
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35 of said phosphatidylethanolamine in a clotting assay; 

(d) measuring a fourth clotting time for a second 
aliquot of said control plasma in the presence of a 
membrane source comprising a -phospholipid component 
comprising an effective amount of • 

40 phosphatidylethanolamine to -allow clotting differences to 

be detected between normal plasma and plasma from 
patients with a thrombotic'" propensity and an effective 
amount of phosphatidyl serine to complement the function 
of said phosphatidylethanolamine in a clotting assay, and 

45 in the absence of activated Protein C; 

(e) comparing said first, second, third and fourth 
clotting times and denoting said patient sample to be at 
risk for thrombosis if said first clotting time is less 
than said third clotting time, and said second clotting 

50 time is greater than or equal to said fourth clotting 

time, at an optimal phospholipid concentration. 

13. The method of Cl:a|m^i2r wherein said membrane 
source further comprises phosphatidylcholine in an amount 
sufficient to bring said phospholipid component of 
membrane source to 100%. 

■ ,' •. 

14. The method of Claim 12, wherein said 
phospholipid component of said membrane source comprises 
about 40% phosphatidylethanolamine, about 20% 
phosphatidylserine and about 40% phosphatidylcholine. 

15. The method of Claim 12, wherein said effective 
amount of phosphatidylethanolamine is from about 10 to 
about 50% by weight of said phospholipid component of 
said membrane source and wherein^said effective amount of 

5 phosphatidylserine is f rdm ?( aBou£ : 5 to about 50% by weight 

of said phospholipid component -'of said membrane source. 
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16. The method of Claims .12, 13, 14 and 15, wherein 
said effective amount of sa'i ; d / phosphatidyl thanol amine is 
from about 10 to about 50%.< by\weight of said phospholipid 
component of said membrane ' source, and said 
phosphatidyl serine is from about 5 to about 25% of said 
phospholipid component of said membrane source. 
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17. The method of Claim .12 ; "'13, 14 , 15 or 16 
wherein said clotting times' are determined by manual 
observation of clot formation. 

18. The method of Claim 12, 13, 14, 15 or 16 
wherein said clotting times are determined by using 
instrumentation adapted to detection of clotting. 

19. The method of Claim 18, wherein said 
instrumentation is an automatic plate reader equipped 
with spectrophotometry capabilities for monitoring 
reaction mixtures at a wavelength appropriate to detect 
clotting reaction. 

20. The method of CIsiiTfi^ T8' wherein said clotting 
times are determined by a : chrombgenic method. 

21. The method of Claim 19, wherein said clotting 
times are determined by a chromogenic method. 
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22. A method for monitoring the effectiveness of 
antiinflammatory drug or anticoagulant therapy in lupus 
anticoagulant patients or patients with antiphospholipid 
antibodies, comprising the steps of: 

(a) forming a first citrated plasma sample from a 
blood sample obtained from said patients at a first time; 

(b) testing said first citrated plasma sample for 
coagulation properties in the presence and absence of 
activated Protein C and in;- the 1 presence of a membrane 
source comprising a phospholipid component comprising an 
effective amount of phosphatidylethanolamine to allow 
clotting difference to be observed between normal plasma 
and patients with thrombotic propensities and an 
effective amount of phosphatidylserine to complement the 
function of said phosphatidylethanolamine in a clotting 
assay, and comparing said coagulation properties of said 
first citrated plasma sample to control plasma; 

(c) repeating step (b) on a second sample of 
citrated plasma obtained from said patient at a second 
time; 

(d) comparing resultl'of testing to indicate 
antiinflammatory or ant icoagulaiat'^ therapy results. 

23. The method of Claim 22, wherein said membrane 
source further comprises phosphatidylcholine in an amount 
sufficient to bring said phospholipid component of said 
membrane source to 100%. 

24. The method of Claim 22, wherein said 
phospholipid component of said membrane source comprises 
about 40% phosphatidylethanolamine, about 20% 
phosphatidylserine and about 40% phosphatidylcholine. 

25. The method of Claim 22, wherein said effective 
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amount of phosphatidylethanolamine is from about 10 to 
about 50% by weight of said phospholipid component of 
said membrane source and wherein said effective amount of 
phosphatidyl serine is from about 5 to about 50% by weight 
of said phospholipid component of said membrane source. 

26. The method of Claim 22, wherein said effective 
amount of said phosphatidylethanolamine is from about 10 
to about 50% by weight of said phospholipid component of 
said membrane source, and said effective amount of 
phosphatidylserine is from about 5 to about 25% of said 
phospholipid component of said membrane source. 

27. The method of Claims .22, 23, 24, 25, or 26, 
wherein said citrated plasma samples obtained from said 
patients are mixed with ail equal volume of normal plasma 
prior to said testing for "coagulation properties. 
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28. A method for testing a patient plasma sample 
for indications of a propensity for thrombotic disease, 
comprising the steps of: 

(a) mixing in a first reaction chamber a 
phospholipid membrane source comprising at least 10% 
phosphatidylethanolamine and at least 5% 
phosphatidyl serine, activated. Protein C, a coagulation . 
activator, and a patient citrated plasma sample; 

(b) mixing in a second reaction chamber a 
phospholipid membrane source comprising at least 10% 
phosphatidylethanolamine and at least 5% 
phosphatidylserine, activated Protein C, a coagulation 
activator, and a normal control plasma sample; 

(c) mixing in a third reaction chamber a 
phospholipid membrane source comprising at least 10% 
phosphatidylethanolamine and at least 5% 
phosphatidylserine, a coagulation activator, and a 
patient citrated plasma sample; 

(d) mixing in a fourth reaction chamber a 
phospholipid membrane source comprising at least 10% 
phosphatidylethanolamine aricTat least 5% 

phosphatidylserine , a coagulation activator, and a normal 
control plasma sample; and" 

(e) adding an effective amount of Ca 2+ to each of 
said first, second, third and fourth reaction chamber to 
initiate clotting; and 

(f) observing the amount of time it takes for the 
mixture in each of said first, second, third and fourth 
reaction chambers to form a clot. 
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29. The method of Claim 28 , wherein prior to step 
(e) , an equal amount of said normal control citrated 
plasma is added to each of said first, second, third and 
fourth reaction chambers. 

30. The method of Claim 28 or 29, wherein said 
phospholipid membrane source comprises 10-50% 
phosphat idyl ethanol amine, -5-50% phosphatidyl serine, and 
the remainder phosphatidylcholine. 

31. The method of Claim 28 or 29, wherein said 
phospholipid source comprises about 40% 

phosphat idylethanol amine, about 20% phosphat idylserine 
and about 40% phosphatidylcholine. 

32. The method of Claim 28 or 29, wherein said 
coagulation activator is a Factor X-activating enzyme. 

33. The method of Claim 32, wherein said Factor X- 
activating enzyme is Russell's viper venom. 

34. The method of Claim f 28>;or 29, wherein said 
coagulation activator is v ari 5:: a : ctlvator of the contact 
system of coagulation. 

35. The method of Claim 28 or 29, wherein said 
coagulation activator is selected from the group 
consisting of Factor X a , Factor IX a , Factor XI 0 , and 
Tissue Factor. 
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